
by JOEL POPKIN 

The Relationship Between New Orders and Shipments: 
An Analysis of the Machinery and Equipment Industries 5 

X H E purpose of this article is to 
examine the relationship between new 
orders and the shipments which they 
subsequently generate.' I t presents an 
economic model that incorporates a 
lag between orders and shipments that 
varies in length over the course of the 
business cycle. This type of model 
differs from those based on fixed lags, 
which have been used more widely in 
economic analysis. The nature of the 
variable lag is explained later in the 
article. 

The present study of new orders and 
shipments is confined to a market 
classification—machinery and equip
ment—which cuts across industry fines. 
The machinery and equipment classi
fication, a category of the new Census 
Bureau series, comprises certain parts 
of the electrical and nonelectrical ma
chinery and transportation equipment 
industries.^ 

Although this article does not deal 
with fundamental determinants of in
vestment in equipment, an examina
tion of the orders-shipments relationship 
considered here can help serve another 
important purpose. That purpose is 
to provide an explanation of the be
havior of producers' durable equipment 
expenditures, a component of gross 

1. Three other studies to which the reader can usefully 
refer are: Victor Zarnowitz, "The Tlmtag of Manufacturers' 
Orders During Business Cycles," Business Cycle Indicators, 
GoefTrey Moore, Editor (Princeton: Princeton University 
Press, 1961), Vol. I, pages 420-613; Machinery and Allied 
Products Institute, Capital Goods Review, Nos. 36,42, and 67, 
August 1968, July 1960, and March 1964; and Walter W. 
Jacobs and Genevieve B. Wimsatt, "An Approach to 
Orders Analysis," SORVET OF CURRENT BUSINESS, Decem

ber 1949, pages 18-24. 
2. Specifically tho classification is composed of machinery, 

except electrical (excluding farm machinery and equipment 
and machine shops); electrical machinery (excluding house
hold appliances, communication equipment and electronic 
components); shipbuilding and repairing, and railroads 
and streetcar equipment. Data from October 1963 on
ward are published In Bureau of the Census, "Manufac
turers' Shipments, Inventories, and Orders." Data for 
previous months were supplied on request by the Census 
Bureau. 

national product and a key variable in 
the prediction of the future course of 
overall business activity. Once the 
length of time by which new orders lead 
shipments has been extabfished, the 
analyst should be better able to judge 
the time period which must be examined 
in order to find the factors that in
fluence the placement of orders, such as 
anticipated profits and sales, and the 
utilization of capacity. If these factors 
can be uncovered, it should then be 
possible to complete the chain from the 
investment determinants through the 

new orders link to the actual investment , 
expenditures. 

Though estimated separately and b y ' 
different methods, the producers dur
able equipment expenditures and the 
machinery and equipment shipments 
series overlap substantially. However, 
the two series differ in coverage in some 
important respects. Producers' dur- ' 
able equipment includes investment in 
cars and trucks, a cyclically sensitive 
expenditure which is not part of the 
machinery and equipment series. Un
like producers' durables, shipments 
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^ include exports but exclude imports of 
machinery and equipment. Despite 
these differences, the two series have 
generally moved similarly in the post
war period, so tliat a link between them 
should not be difficult to establish. 

An examination of the new orders' 
lead 

Monthly seasonally adjusted data on 
new orders and shipments of machinery 

^ and equipment from 1953 through 1964 
are found in chart 13. The data have 

-been deflated by the BLS wholesale 
price index for machinery and equip
ment since constant dollar series are 
required later in the analysis. This 

^ index differs somewhat in coverage 
from the orders and shipments series 

• but is the most applicable price index 
^ published. From a study of the chart, 

three observations appear relevant. 
First, the amplitude of the fluctuations 

^ in the new orders series is greater than 
that in shipments. The mean absolute 

. monthly change in new orders is roughly 
twice that of shipments. Second, major 
directional changes in the new orders 

I series occur before those in the ship
ments series. Third, new orders seem to 
fluctuate more erratically than ship-

* ments. 

None of these observations are sur
prising. When the economy is con-

' tracting, decreases in new orders are 
not fully transmitted to shipments 
since unfilled orders act as a buffer in 

* providing a basis for shipments. When 
^ the economy is expanding, new orders 

rise more than shipments. This slower 
'• advance in shipments may be attrib

utable either to the desire of manu
facturers to smooth production or to 

* the Umitations of capacity. In either 
^case, unfilled orders again act as a 

buffer. 

The lead of new orders over ship
ments, observable from the first chart, 

^ has varied in length between 4 and 7 
months for both peaks and troughs. 

*The new orders series peaked out in 
, January 1953, 4 months before ship

ments. The exact peak in orders in 
1956 is less clearly discernible. I t 

- appears to have taken place in June, if 
^ the sharp increase in orders in the last 

2 months of 1956, due to the Suez 

crisis, is not considered a peak. On 
this assumption, shipments reached 
their peak 6 months later, in December 
1956. It is difficult to select the new 
orders peak in 1960 because of the 
irregular behavior of the series in 1959, 
when a major strike occurred in the 
steel industry. Since many of the 
effects of the strike were probably 
worked out by the end of 1959, Decem
ber of that year could be considered the 
peak month. Shipments peaked out in 
July 1960, 7 months later. 

At troughs, the lead of new orders 
over shipments has diminished. In the 
1953-54 recession new orders bottomed 
out in March 1954, 7 months before 
shipments. This lead was 5 months 
in the 1957-58 recession: new orders 
reached a low in February 1958, ship
ments in July of the same year. In 
the 1960-61 recession new orders were 
at a trough in November 1960 while 
shipments bottomed out 4 months later. 

The leadtimes actually observed can 
be decomposed into two parts. The 
first is the actual worktime required to 
fiU an order. Changes in this compo
nent of the total lead appear to depend 
on technological improvements, e.g., 
faster machines, and therefore should 
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be long run in character. Another fac
tor, difficult to assess without detailed 
study, which could cause a change in 
average worktime, would be a shift in 
the product-mix comprising orders and 
shipments. The second part of leadtime 
is that spanning the period between re
ceipt of an order and the start of produc
tion on it. This part of the leadtime 
depends on demand conditions relative 
to capacity. I t tends to be subject to 
wide cyclical variation but may also 
change over the long run. When orders 
are placed at a high rate in relation to 
capacity or desired levels of operation, 
backlogs build up. This buildup tends 
to lengthen the time it takes before work 
is begun on orders received subse
quently. When backlogs fall, work on 
incoming orders begins more quickly. 

The apparent shortening of leadtime 
at the trough of the cycle suggests the 
possibility that the actual worktime re
quired to fill an order, one part of the 
orders' leadtime, may have become 
shorter due to improved technology or 
changed product-mix. Such a hypoth
esis is based on the assumption that at 
troughs, because of the decline in busi
ness activity and new and unfilled 
orders, leadtimes between receipt of 
orders and the start of production are 
short. On this assumption, changes in 
the actual worktime required to fill an 
order can be detected with greatest 
certainty at that phase of the cycle. 

Unfilled orders-shipments ratio 
lower 

It was noted earlier that unfilled 
orders act as a buffer between changes 
in orders and shipments. The extent 
to which backlogs act as a buffer de
pends on their size relative to ship
ments. In chart 14 the ratios of 
deflated unfilled orders to deflated ship
ments are presented quarterly from 
1953 through 1964.^ A downward 
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3. The proper deflation of any stock variable, such as 
unfilled orders, requires that the various vintages comprising 
the variable be separated and Individually deflated. Since 
the information needed to make tho decomposition of unfilled 
orders Is one ot the objects of the study itself, such Informa
tion was not available beforehand. Therefore, the method 
of deflation used was to divide unfilled orders by the average 
value of the BLS wholesale price Index for machinery and 
equipment for the 0 months ending with the date on which 
each observation on unfilled orders was taken. A 6-raonth 
average was used, since the lead of new orders over shipments 
has rarely exceeded 0 months. Of course, use of the average 
implies that unfilled orders comprise equal amounts of new 
orders of the preceding 0 months. 
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movement is visible in the ratio over 
the period, particularly in the early 
years. Three peaks, preceding three 
business cycle peaks, appear in the 
series. These are the fkst quarter of 
1953, prior to the 1953-54 recession; 
the first quarter of 1956, prior to the 
1957-58 recession; and the fourth 
quarter of 1959, prior to the 1960-61 
recession.* If these peaks in the ratio, 
together with the last observation 
(1964-IV), are used to divide the entire 
period into three subperiods, the decline 
in the ratio can be studied more closely. 
Each subperiod roughly encompasses 
a cycle, so that the ratios for each tend 
to reflect secular change. Between the 
first and second peak (1953-1 through 
1956-1) the average ratio of unfilled 
orders to shipments was 1.54, that is 
imfilled orders averaged about one and 
one-half quarters, of quarterly ship
ments. Between the second and third 
peak (1956-11 through 1959-IV), the 
average ratio was 1.33, a decline of 14 
percent from the preceding subperiod. 
During the final subperiod (1960-1 
through 1964-IV) the average ratio fell 
further to 1.12, a decline of 16 percent 
from the. second subperiod, and 27 
percent from the first. 

Considered by itself, the decfine in 
the ratio could be interpreted as an 
indication that the abnormal demand 
conditions of the Korean War period 
and the subsequent capital goods boom 
had ended. Or that productive capac
ity had risen enough so that work on 
orders could commence sooner and 
bacldogs could be reduced. (The 1955-
57 capital goods boom did add sub-
stantiaUy to capacity in most 
industries.) Thus, the decline in the 
ratio could reflect solely a reduction in 
the first part of the orders lead—the 
time between the placement of an order 
and the commencement of the work. 
Certainly part—perhaps the major 
part—of the decline in the ratio can be 
attributed to such a reduction. How
ever, the earlier finding that the lag at 
troughs is shortening does suggest that 
the worktime required to fill orders, on 
the average, may have fallen as well. 

4. The unfilled orders-shipments ratio may have reached 
a peak prior to tho first quarter of 1953 but data are not 
available for tho period before 1963. However, oven if tho 
peak occurred earlier, tho conclusions to be drawn about the 
ratio would not bo altered. 

A Model Explaining the Orders-Shipments Relationship 

THE foregoing analysis can be used to 
develop a model reflecting the relation
ship between new orders and shipments. 
Estimation of the parameters of this 
model ideally will yield coefficients 
which can be used to quantify the nature 
of the relationship. Once this is ac
complished, the model may be tested 
to see how well it forecasts shipments. 

In order to understand the structural 
relationship between orders and ship
ments and to predict shipments a model 
is required in which the coefficients can 
vary. The model should also incor
porate coefficients which behave in such 
a way as to insure that exactly all of 
the new orders of a time period ulti
mately are manifested in shipments. 
The remainder of this article will be 
devoted to the development and esti
mation of such a model and to the 
analysis of the results obtained. 

In any time period shipments may 
be viewed as the weighted sum of the 
new orders received in past periods. 
Symbolically this can be stated as 

— 00 

(1) Shipments j= X J «< New ordersj. 
i=J-l 

The a/s are the weights and represent 
the percentage of each period's ("t's") 
new orders which comprise current ship
ments. Obviously some a,'s have the 
value of zero. If, for example, all 
shipments in period "t" represented 
orders received 4 months prior to "t," 
oit-i would equal one and the other 
a/s, zero. If shipments in "t" repre
sented some proportion of orders re
ceived both 4 and 5 months earlier, 
then a,_4 and a,_5 would be between zero 
and one and all other a '̂s would be 
zero. The sum of Q:,_4 and a,_5 need 
not equal one since each coefficient re
lates to the orders of a different time 
period. If the orders of those two 
periods ("«—4" and "<—5") were very 
low relative to the manufacturing ca
pacity available to fill the orders, it is 
possible that the orders of both months 

could be fiUed during 1 month. In^ 
that case, both a,_4 and a,_5 would 
equal one. 

If a(_4 were 0.5 in the case just dis
cussed, this would be interpreted as 
meaning that 50 percent of the orders ''' 
received 4 months earlier were filled., 
in the current month. Assuming that 
the 50 percent of orders of "f-4" ' 
fiUed in "V were the only orders of 
"f-4" which had been filled, then 50 
percent would remain to be fflled. "̂  
Thus, in "t-\-l" the value of Q:,_4 can- ̂  
not exceed 0.5. Since eventually all 
of a period's orders must be shipped, • 
the sum of the various coefficients of 
the orders of each period must add to I 
one.' An illustratiye example of this * 
appears in table 1. ^ 

Table 1.—^An Example of a Pattern of S h i p 
m e n t s Arising from New Orders of 100 
Uni t s Placed in T i m e Period " t " 

Time period 

t--2. 
«--3. 

«--0. 
-7, 
-8, 

t-
t-
t-
«-t-10. 

Quantity of 
new orders 
placed in 
"t" and 

shipped In 
each sub
sequent 
period 

0 
0 
0 

20 
35 
25 
10 
S 
6 
0 

100 

Proportion ^ 
(=ot,-; 

0.00 
.00 
.00 
.20 
.36 
.26 ^ 
.10 
.06 
.05 
.00 I* 

1.00 

If it could be assumed that each ' 
period's new orders were filled in the 
same pattern as that in table 1, then ^ 
the prediction of shipments could be 
obtained by simply solving the follow- / 
ing equation: ; 

(2) 5',=0.20iV,_4+0.35A'',_6 
-|-0.25iV,_6+0.10A'',_7 X 

-f0.05A^,_8+0.05iV,-G, 

where S stands for shipments and N, 
new orders. Obviously, this equation 

6. This would not be true if sorao orders were subsequently 
canceled. Cancellations are discussed later In tho article. 
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would fail in the real world.smce the 
coefficients are not fixed but are con
stantly changing.^ Also, some new 
orders terms which are implicitly in the 
equation above with zero coefficients, 
e.g., 0.0iV,_3 and O.OiVj_io, might enter 
some calculations of shipments if their 

^ coefficients became positive because of 
the shortening or lengthening of the 
leadtime required to fill orders. 

Six-month or two-quarter lead sug-
N gested 

The examination of the shipments 
and orders data at peaks and troughs 
suggests that orders lead shipments by 
from 4 through 7 months." This lead-
time suggests the equation 

^ (3) Sm=OilN„-i + OC2N„,-6 

+ a3Nm-i+OliNm-7, 

where the subscript "m" refers to 
months. This equation must be mod
ified to permit the coefficients to vary 

, over time and to insure that all of each 
period's new orders utlimately result 
in shipments. To achieve these re
quirements without undue complica
tion of the model and its statistical 
estimation a simplification is helpful: 
the monthly data should be aggre
gated to a quarterly basis to reduce the 

' number of terms in the equation. 
Therefore, let St be defined as a var
iable measured quarterly and be equal 
to the sum of shipments of months 

, "m," " m - 1 , " and " m - 2 . " Similarly, 
let iV(_i, on a quarterly basis, equal 

' the sum of orders of months "m—3," 
" m - 4 , " and " m - 5 , " and let iV,_2 
equal the sum of orders of months 
" m - 6 , " " m - 7 , " a n d " m - 8 . " By aggre
gating in this manner some precision 
is lost, but the quarterly data include 

• most of the orders of past monthly 
periods which seem to influence ship
ments. The equation can then be 
re\vritten as 

(4) <S',= aiA'',_i-|-a2A^«-2 

0. An equation, based on quarterly data, incorporating 
fixed coefficients was estimated. Tho results obtained wore 
not as good as those bnsod on the varlablo coefficient model. 
These latter results are lound In equation (8) below. 

7. This is not to say that orders for some types ot machin
ery-power-plant genorators,or wold Ingapparatus, perhaps— 
may not take more than 7 or less than 4 months to fill. 
Bather, tho leadtime uncovered is tho average time consumed 
from tho plaeoment of orders to shipments ot all types of 
machUiory and equipment. 

The variable coefficients 

The next step is to provide for varia
tion in oil and aa-̂  It will be recalled 
that variations arise because of changes 
in the length of time between the receipt 
of an order and the start of work on it 
and changes in the amount of produc
tion time required to produce an item. 
Both types of changes appear to be 
reflected in the ratio of unfilled orders 

to shipments (-o )• Thus, the use of 

this ratio as a variable explaining 
changes in the coefficients seems to be 
suggested. 

The relationship between -^ and the 

coefficients should be such as to make 

Ui rise relative to ai, when -^ rises. This 

is the equivalent of making iV,_2 more 
important than Nt-i in ex-plaining ship
ments in "t." In other words, when 
bacldogs rise relative to shipment levels, 
recently received orders pile up and 
shipments will tend to consist of orders 
received in the more distant past. The 
reverse, of course, is true when unfilled 
orders faU relative to shipments. 

To incorporate this variation into the 
equation fu'st assume that 

(5) ai.,=A+/3: •a -
Notice that the subscript "t", on ai, 
is now needed since ai will take on 
different values in each time period. 
It is possible to make az depend on 

-z in the same way as ai. However, 
o 
this would not insure that 100 percent 
of a period's new orders resulted in 
shipments. When iV,_i becomes N,-2, 
in period " i + 1 , " it will have the co
efficient a2, i-i-i- If «i, I and a^, i+i can 
be constrained to add to one, then 

8. An application of a variable cooHlolent model can bo 
found in Edward Qreenborg, "A Stock Adjustment Invest
ment Model," Econometrica, Vol. 32, No. 3 (July 1064), 
pages 339-367. Mr. Qreenberg's model Incorporates one 
variable coofflolent which is made to depend on several rele
vant variables. In this article a model is developed which 
incorporates two such coefflclonta with an assumed Interre
lationship. 

9. other relationships between ai and -^ could have been 
specified. Tho linear relationship used hero seems to bo 
reasonablo and was convenient to uso. Tho constant term 
was inserted to permit the reflection of any departures from 

U 
strict proportionality between m and -^• 

100 percent of each period's orders will 
result in shipments. Therefore, set 
a2,1+1 = 1 —ai,t. Since ai,, is equal to 

/3o+ft (-o ) substitute this expression 

for ai,,. This yields 

a2.,̂ i = l-[^o+ftQ_J-

Then one period earlier, 

(6) « . . = 1 - [ / ? O + A ( | ) ^ _ J -

There now exist expressions for both 
cci,, and a2, t which can be substituted 
into the original equation. This yields 

S,=[^o+^i ( ! ) ,_ J ^'-1 

+(l-[^o+ft(|),_j)iV,_2. 

This can be rewritten as 

Collecting terms yields 

S,=/3o[Ar,_,-Ar,_,]+/3i[(D^_^ N,-i 

-(ll2^'->(^^^'-
The two terms in brackets are 
changes between time periods which 
can be represented by A's. Then the 
final equation to be estimated is 

(7) S,=ao+P,AN,_r+PA(^N^^_^ 

+P2N,.2+Ut. 

The term ao is a constant term included 
to reflect any systematic departures 
from the hypothesis. The term AA''(_i 
is the difference between new orders of 

"t-V'a.nd"t-2". Sunilarly,A('^iv) 

is the difference between the product 
of the unfilled orders (end of period)-
shipments ratio and new orders for 
period "t—l" and "t—2". The develop
ment of the model shows a coefficient 
of one on Ni-^. However, a coefficient, 
^2, which can differ from one was 
introduced instead in order to reflect 
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possible departures from the underlying 
theory which cannot be assumed to 
hold rigorously.'" The u, are random 
disturbances introduced because in the 
real world the equation cannot be ex
pected to hold exactly in all time 
periods. 

The equation was fitted to the 45 
quarterly observations from the third 
quarter of 1953 through the third quar
ter of 1964. The shipments and new 
orders variables, measured in billions of 
1957-59 dollars, were derived by deflat
ing each month's observation by its 
respective deflator (the BLS wholesale 
price index for machinery and equip
ment) and summing over each calendar 
quarter. The unfilled orders variable 
was obtained by deflating the end of 
period stock of unfilled orders by the 
average of the price index for the pre
ceding 6 months. This was done to 
account for the fact that, under current 
assumptions, unfilled orders can com
prise up to 6 months of new orders. 

Results 

The estimation of the equation, using 
the ordinary least squares method, 
yielded the following results: 

(8) <S',=2.409 + 1.035AA'',_i 
(6.29) (5.16) 

-O.mOAf^N) -(-0.717Ai',_2. 

SURVEY OF CURRENT BUSINESS 

indicates that about 95 percent of the 
observations during the sample period 
lie within $0,542 billion (two standard 
errors) of the computed regression fine. 
(The mean value of shipments during 
the period is $8.46 billion.) The serial 
correlation coefficient (SCC), measur
ing autocorrelation in the residuals, is 
1.292, significant unfortunately at the 1 
percent level. 

I t will be recalled that the variable 
coefficients on the two lagged new 
orders terms were imbedded in the 
initial equation. These coefficients can 
be obtained as follows: 
S,=2.409-|-1.035AAr,_i 

-0 .390A( '^ iV^ -1-0.717iV,_2; 

<S',=2.409-f-1.035Ar,_i-1.035Ar,_2 

-0.390 ( ^ ) ^ M - i 

+0.390 (^y N,.2+0.7l7Nt-2; 

S,=2.409-M.035A^,-,-0.390 ( ' ^ ) iV,_i 

-1.035iV,_2+0.717Ar,_2 

-f 0.390 ( I ) _N,-2; 

(9) 

S,=2.409-(-r i .035-0.390( '^) AT,,, 

+r-0.318-F-0.390 ( ' ^ ) N,-2. 

(3.70) (16.09) 

The numbers shown in parentheses are 
the ratios of the regression coefficient to 
their standard errors ("t" ratios). The 
ratios indicate that all the estimated 
coefficients are significant at the 1 per
cent level. The coefficient of determi
nation, (R^), the ratio of the explained 
variance in the dependent variable to 
the total variance in the dependent 
variable, adjusted for degrees of free
dom, is 0.868, significant at the 1 per
cent level. The adjusted standard error 
of estimate (SEE) is $0,271 billion which 

10. An alternative equation which could have been present

ed is S,-N,-i=m+$aAN',-,+0,ii(-N^ +u,. Bybrlnglng 

iVi-! to the left-hand side of the equation, its coefllcient is con
strained to equal one. Under this circumstance the estimate 
of the constant term a,, should be zero. Actually this equation 
was estimated and ao turned out to be small and not signifi
cantly different from zero. However the equation did not 
fit the actual data quite as well as the equation in which 
Ni-i appears on the right-hand side with an unconstrained 
coefficient. An analysis of the constant term and coefficient 
of Ni-i obtained from fitting this equation Is contained in the 
next section on results. 

The terms in brackets in the last 
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How the Variable Coefficients Change 
With Unfilled Orders-Shipments Ratio (i) 
for Machinery and Equipment Industries 
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Value of Coefficient 
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J .035 
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equation are estimates of ai and 012, 
respectively. In chart 15 each of the 

estimates is plotted against -^- I t 

can be seen that ai varies inversely 

with ^ - This implies that the greater 

the backlog of orders relative to ship
ments, the smaller the amount of new 
orders of "t—l" which will be filled 
in "t". I t can also be seen that 02 

varies directly with -^- This indi

cates that a high ratio of o- results in 

an increase in the proportion of ship
ments in "t" attributable to new 
orders in "t—2." This is understand
able since the high -^ resulted in the 

filling of a smaU part of the new orders 
of "t—2" during the preceding period— 
"t—l." The combined effect of the 
two coefficients is to lengthen the lead 
of new orders over shipments when the 
backlog of unfilled orders is high, and 
to reduce the lead when unfiUed orders 
fall relative to shipments. 

In addition the coefficients aj , , and 
aj, 1-1-1 always add to a fixed constant. 
This constant is 0.717, not the 1.0 
originally specified. This is due to the 
fact that the constant term in the 
regression equation adds $2,409 billion. 
The ratio of the constant term to 
average new orders of "<—2" during the 
sample period is 0.289, which, when 
added to 0.717, totals approximately 
1.00. Thus, while the introduction of 
a constant term somewhat modifies the 
underlying theory, both the constant 
and the computed coefficient on Nt-2 
together meet the original assumptions 
for the period as a whole." 

In chart 16 actual shipments and the 
computed values obtained from use of 
the equation (8) are presented. The 
"fit" of the computed to the actual 
values is quite good, as could have 
been expected from the interpretation 
of the various statistics of the esti
mated equation. However, closer ex
amination of the chart reveals that the 

I 2 

Unfilled Orders—Shipments Ratio C^] 

11. That the estimates of ao and /Si yield results, for the 
period as a whole, which are equivalent to a coefficient ot 
one on N,-i may be seen below, where JVi-i is the mean value 
of the variable during the sample period: 

m+hNi-i" (7)iV,-i; 2.409-f-0.717iVi-i= (?)iVi-i; 
2.409 N,. 
^,^--1-0.717 , , 
i V i - i JVi. 

0.289-1-0.717 = 
-i 
1.006 

u s Department of Commerce, Otiice ot Business Economics 
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' equation misses turning points. Actual 
shipments change direction one quarter 
before computed shipments, except at 
the trough of the 1953-54 recession 
when computed shipments turn up 3 
months before actual shipments. Of 

' course, because the equation fits the 
data so well, the difference between the 
computed and actual values of ship
ments is quite small even in quarters 
during which the series have moved in 
opposite directions. In the fourth 

' quarter of 1956, for example, the differ
ence between the two values is only $37 
million, despite the fact that actual 
shipments were rising and computed 
shipments were falfing. Simfiar situa
tions are apparent in the third quarter 
of 1957 and the second quarter of 1961. 

Modifications of t h e mode l 

I t is difficult to assess the estimated 
equation. The fit of the equation is 
good but, at the same time, the equation 

• does not reflect turning points. The 
turning point difficulty does limit the 
use of the equation although the good 
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fit still permits forecasts to be made if 
predicted turning points are carefully 
interpreted. Even if the equation is 
not considered suitable for forecasting, 
it does not foUow that it is not useful 
for studying the orders-shipments re
lationship since it does explain an ex
tremely large percentage of the overaU 
variation in shipments. Nevertheless, 
further tests are in order to determine 
if a better equation can be developed. 

There are several reasons why both 
the model and the data on which the 
estimated equation is based may fail 
to depict fuUy the relationship between 
orders and shipments. The specifica
tion of the model has four possible 
shortcomings. First, the variable coef
ficients in the model were not con
strained to prevent computed shipments 
from exceeding the shipment capacity 
of machinery and equipment producers. 
However, the omission of a capacity 
constraint apparently affected the re
sults only around the 1956 shipments 
peak. If it is assumed that the $9.1 
billion of shipments in the fourth 
quarter of 1956 caUed for output at 
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virtuaUy fuU capacity, then the com
puted values for the third quarter of 
1956 and the first quarter of 1957 
exceeded capacity.'^ If a constraint 
were imposed, the two peaks in ship
ments, in effect, would have been 
flattened out along the capacity ceiling. 
This would have served to defer the 
downturn even more than one quarter 
since computed shipments would be 
forced to edge up along the capacity 
ceiling until the new orders accumu
lated because of the capacity constraint 
were worked off. In no other time 
period do computed shipments exceed 
what could be inferred as the capacity 
of the machinery and equipment pro
ducers." Thus, the omission of capac
ity constraints in this aggregative model 
should not bias the results very much. 

The second shortcoming of the struc
tural model is that it fails to take into 
account the level of finished goods in
ventories (for which data are not avail
able) and their use in filling shipments. 
Greater- or less-than-normal reliance on 
inventories to meet new orders will re
sult in a shortening or lengthening of 
the lag between orders or shipments. 
However, since changes in the lag due 
to any factor are reflected in the ratio 
of unfilled orders to shipments, it can 
be argued that the effects of accumula
tions and liquidations of finished goods 
inventories are implicitly accounted for. 
Also, there is not much production for 
stock in the machinery and equipment 
industries. Thus, the failure to treat 
inventories explicitly does not seem to 
be an important shortcoming of the 
model. 

The third shortcoming of the model 
relates to its inability to adjust for se
vere raw materials shortages—actual or 
anticipated—such as those associated 
with strikes. The model continually 
translates orders into shipments. Some 
materials shortages which are not severe 
enough to change the basic lag structure 

12. It is assumed that any Increase in capacity from the 
fourth quarter of 1956 to the first quarter of 1957 was insufh-
cient to satisfy the level of shipments computed for the 
latter quarter, but this assumption Is not necessary for the 
point to hold. 

13. Even though computed shipments exceeded actual 
shipments at the peak in 19,59-60, computed shipments were 
still below the peaic actual shipments in the fourth quarter 
of 1956. 
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are accounted for by —• However, a 
o 

prolonged strike in an industry such as 
steel, for example, can result in length
ening the orders lead to three, rather 
than two quarters and in sharply re
ducing shipments during the actual 
strike. The model would not sense 
such an occurrence and therefore its 
effect would not be felt on computed 
sliipments. Computed shipments rose 
in tlie third quarter of 1956, while ac
tual shipments edged down, probably 
because of the 5-week strike in the steel 
industry in July and August of that 
year. Computed shipments rose in the 
fourth quarter of 1959, while actual 
shipments declined. Again, the steel 
strike which extended from roughly 
mid-July to mid-November, was prob
ably behind this contraction in actual 
shipments. These instances suggest 
that the impacts of strikes or otlier 
"shocks" on the economy should be in-

14. Some readers may be familiar with the use of "dummy' 
variables in regressions to account for irregular behavior^ 
In the case of strilces, sucli variables could be used to reflcc 
unusually large increases in orders in anticipation of a strike, 
and the sliock imposed on the economy when either a strike 
occurs or an expected strike does not materialize. 

corporated in the model.'* Certainly, 
a forecaster making use of the equation 
would judgmentally correct predicted 
values for an event such as a strike. 

The fourth shortcoming is the possi
bility that the lag structure was 
improperly specified. It will be re-
caUed that chart 13 seemed to indicate 
that new orders led shipments by from 
4 through 7 months. However, turning 
points in the monthly orders and ship
ments series were difficult to pin down 
specifically because of the presence of 
random movements in both series. In 
addition, the use of calendar quarter 
aggregates introduces some lack of 
precision, as recognized earlier, even 
though most of the relevant monthly 
shipments figures are included in the 
two, lagged, new orders variables. 

Because actual shipments frequently 
lead computed shipments at turning 
points, it may well be that the lag 
structure of the model was somewhat 
improperly specified. In the develop
ment of the model estimated above the 
months of new orders included were 
those of "m-3," " m - 4 , " and "m-5" 
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(in the term iV,_,), and " m - 6 , " "m-T," 
and "m—8" (in the term iV,_2). When 
the variable coefficients are equal so 
that Ni_i and A'̂ ,_2 are weighted equally 
the average implicit lag is 4.5 months. 
Suppose the "true" average lag was 
actually one month longer or shorter 
than that used. Then it would be 
appropriate to sum new orders into two 
quarterly variables covering "m—4" 
through "m—9" to lengthen the lag, or 
covering "m—2" through "m—7" to 
shorten it. 

Both possibilities were tested and the 
shortening of the lag by one month 
jdelded better results than lengthening 
it. When the lag is shortened some 
overlapping occurs. New orders of 
quarter " t — l " include those of month 
"m—3" and shipments of quarter "t" 
include those of month "m—3." There 
is nothing inherently wrong in this lag 
structure. The measure of its validity 
is the degree to which the results it 
produces conform with the real world. 

The equation (10) below was esti
mated incorporating the new, shortened 
lag structure. In this equation the 
subscript " i " refers to calendar quar
ters and the subscript "s" to quarters 
composed of the last 2 months of one 
calendar quarter and the first month 
of the next. The equation is 

(10) S, = 1.456 + 1.045AAr,_, 
(4.24) (8.73) 

-0.642A 
(7.46) i». + 0.825Ns-2-

-' (20.76) 

' Computed based on equatron (101 
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Again, the numbers shown in paren
theses are ratios of regression coeffi
cients to their standard errors. These 
ratios indicate that all regression coeffi
cients are significant at the 1 percent 
level. The R^is 0.921, significant at the 
1 percent level; the adjusted standard 
error of estimate is $0,209 billion, 
and the serial correlation coefficient 
is 1.573, indicating significant serial 
correlation at the 5 percent level. 

Shipments, computed from the equa
tion (10), are plotted together with 
actual shipments in chart 17. Aside 
from fitting the actual data better than 
those of the previous equation (8), the 
computed values change direction si
multaneously with the actual values in 
a greater number of cases than in the 
previous equation. Unlike equation 

> 

•̂  
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>(8), directional changes m the actual 
values and values computed from equa-

*tion (10) coincide in 1955-1, 1955-III, 
». 1955-IV, 1959-IV, 1963-1, and 1964-1. 

In aU, the new equation (10) yields 
results which coincide with actual 

> movements in 7 of the 13 tummg 
points in the shipments series. How-

*ever, while the second equation (10) 
,. seems to provide a better forecasting 

framework it is not possible to infer 
unequivocally that its lag better reflects 

Athe nature of the relationship between 
orders and shipments. 

Impact of canceled orders 

Apart from the foregoing short-
, comings which relate directly to the 

specification of the model there are 
other factors which might explain 

^ome of the departures of computed 
from actual values. One of these is 
the lack of information on the cancel
lation of orders. The new orders 
series is calculated net of cancellations, 
since it is computed by adding the 

^change in unfilled orders to shipments.'° 
Thus, if a canceUation out of the pre
ceding months' orders occurs during 

[ the current month, new orders of the 
current, not the preceding month, will 
reflect the cancellation. If cancel-

^lations were the same amount from 
month to month no error would be 

introduced into the model through the 
^ new orders data. Each period's new 

orders would be lower by the amount 
of the preceding period's cancellations 

»charged to it, but higher by the same 
amount because canceUation of the 

•cm-rent period's orders would not be 

r reflected. Assume that this had been 
the case during the expansion phase 
of a cycle. Assume further that in 
the first quarter of contraction there 
was an increase in the canceUation of 
'orders which had been placed in the 

^last two quarters of the expansion. 
Thus, these latter two quarters of 

•- orders would be overstated while orders 
^in the first quarter of contraction would 

be understated. The model would 
^translate the overstated orders of the 

j^ last two quarters of expansion into 

16. Manufacturers' Sliipments, Inventories, and Orders: 
1947-63 (Revised), page 13, Bureau of the Census, U.S. 
Department of Commerce, Washington, D.C. Tho new 

f orders scries is derived from seasonally unadjusted data 
.\ftcr each scries is independently seasonally adjusted new 

^ orders no longer need equal shipments plus the change in 
unfiUed orders. The difference is usually smaU 
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shipments during the first quarter of 
contraction. Thus, shipments would 
be too high in the first quarter of con
traction. This might explain why the 
model results do not turn down when 
actual shipments do. The same logic 
can also be used to explain a lag at 
the trough, particularly if the con
traction phase is short. WhUe faUure 
to account for canceled orders seems 
to be a plausible explanation of missed 
turning points, there is no readUy 
avaUable remedy for this deficiency 
in the data. 

Calendar versus noncalendar 
aggregates 

Another possible shortcoming of the 
model is the way in wliich the quarters 
were combined from the monthly data. 
The variables were based on calendar 
quarters, i.e., January-March, etc. As 
alternatives, three-montli totals could 
have been built up by starting with 
February or March. Data were com
piled using one of these alternatives— 
beginning with February. Thus, for 
each variable, the four quarterly ob
servations are February-April, May-
July, August-October, and November-
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January. These data, used to re-
estimate the original model (7), yielded 
the following results: 

(11) 5',= 1.695-t-0.966AiV,_i 
(3.98) (6.50) 

-0.500A (-0-^/•) +0.800A/',_2 
(4.68) ^ ^"' (16.23) 

where the subscript "s" denotes quar
terly aggregates based on a different 
time period, i.e., February-April, etc. 
Equation (11) is slightly better than 
equation (8): the R^ is 0.887 as com
pared with 0.868 in the first equa
tion. The adjusted standard error 
of estimate is $0,260 biUion versus 
$0,271 biUion for the first equation. 
The most notable improvement is in 
the serial correlation coefficient, wliich 
is 1.568, still significant but only at the 
5 percent level; the coefficient of serial 
correlation was significant at the 1 per
cent level in the first equation. As in 
equation (8) all regression coefficients 
and the constant term are highly signif
icant. Directional changes in ship
ments computed from equation (11) 
coincide with actual changes in two 
more instances than in equation (8), 
but a large number of changes remain 
unaccounted for. 

On balance, the difference between 
the two equations seems minor. The 
small difference between the two seems 
to suggest the obvious point that some 
precision is lost in capturing a lag struc
ture when the time over which each ob
servation is measured is lengthened. 
However, the loss in this case seems 
small enough to be overlooked, in view 
of the simplicity with which the vari
able coefficient model could be de
veloped by using two quarterly lag 
terms rather than four or more monthly 
lags. 

Price deflation problems 

Another factor which could possibly 
have contributed to the difference be
tween actual and computed values of 
shipments is the method of deflating 
the orders and shipments variables. 
Both series were deflated by the value 
of the index at the time period each 
occurred. This assumes that orders 
are placed at prevailing prices but that 
these prices may be changed when the 
orders are shipped. But it is also 

file:///ftcr
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possible that price changes are first 
put into effect at the ordering stage 
and that the price at which the order 
is placed prevails at the time of ship
ment. If this is the case, then the 
portion of orders of "t—l" and "t—2" 
which wiU be shipped in "t" should 
have been deflated by the index for 
"t." '* Failure to do so, in a period of 
rising prices, results in an overestima-
tion of the physical volume of orders, 
causing an overestimation of the phys
ical volume of shipments. If prices 
have risen, but at a uniform rate, then 
the upward bias in shipments wiU be 
constant over time and wiU be re
flected in the constant term of the 
equation. If the rate of price change 
varies (as, of course, it has) then the 
constant term wiU not reflect greater-
or less-than-normal price changes and 
the resulting estimates will suffer. 

To correct for this possible defect an 
additional variable was introduced: 
the change in the wholesale price index 
for machinery and equipment over the 
preceding two quarters (WPIt— 
WPIt-2)" This variable substantiaUy 
improved aU three equations which 
have been presented. The equation 
which yielded the best fit after intro
duction of the price variable was the 
one with the shorter lag structure (10). 
This equation gave the best fit of all 
three equations (8, 10, 11) before the 
price variable was introduced. The 
new equation is 

(12) S ' ,= 1.475-|-0.943AZ^,-I 
(4.92) (8.73) 

-0.579A (%N) +0.835Ar,_2 
(7.53) ^'^ ^»-' (24.00) 

-8.01iWPIt-WPI,-2) 
(3.72) 

The R2 is 0.940 and the adjusted stand
ard error of estimate is $0,183 biUion. 
The introduction of the variable served 
to eUminate virtuaUy aU serial correla
tion (serial correlation coefficient= 
1.965), the presence of which may reflect 
the omission of a variable. The minus 
sign on the price variable conforms 
with expectations. It serves to reduce 
shipments (when prices are rising) to 
compensate for the overstatement of 
orders resulting from the use of a 
deflator which is too low.' The statisti
cal significance of the regression coef
ficient on the price change variable is 
an indication that in an important 
number of cases price increases are 
applied to incoming orders and ship
ments are made at the price reflected 
in the orders. 

While the fit of the equation is im
proved, the equation performs slightly 
less well at turning points than it did 
without the price change variable. 
Furthermore, the introduction of the 
price change variable prevents the use 
of the equation for forecasting purposes 
unless an independent estimate of WPIt 
is made. 

Thus far, four equations (8, 10, 11, 
and 12) have been presented and 
analyzed. A further test of each 
equation, relating to its ability to fore
cast shipments, can be performed. 
This test is to omit observations for 
the more recent period, to reestimate 
each equation for the now shorter 
period, and to forecast the omitted 
period with each of the equations. 

10. This would not have been possible since only after the 
equation was estimated could the portions of orders of "t—V' 
and "t—2" have been determined. Thus, while the latter 
method seems preferoblo, it could not have been applied 
initially. 

17. Also tried, but with loss success, was WPIi—WPIi-u 
Since Ni-i appears In the equation tho inclusion of WPIi— 
WPIi—i is mora logical. 

These forecast shipments can then be ̂  
compared to the actual shipments for 
each equation to see which pprforma 
best. The results of this experiment, ,< 
omitting the last eight quarterly ob
servations, for the three equations in 
which the dependent variable is ship-i' 
ments on a calendar quarter appear in 
chart 18.'* The constant term of each 
equation was adjusted so that the ,J 
shipments' values computed by the 
equations would coincide with actual 
shipments in the third quarter of 1962,> 
the "jump-off" quarter for the fore
casts. Equation (8P) is the estimate" 
of the original model; equation (lOF), 
the model with the lag shortened by 
1 month; and equation (12F), with the 
shortened lag and the price change vari- i 
able." This last equation, which was 
the best equation when all 45 observa-'' 
tions were included, gives the best 
forecast of the 1962-IV—1964-III pe
riod. All three forecasts show a decline 
in 1963-1. Since actual shipments fell> 
in 1962-IV, thfe decline in predicted 
values in the subsequent quarter reflects'* 
the tendency of all equations to lag 
one quarter in responding to directional 
changes. However, for equations (lOP) 
and (12F) the further decline computed 
for 1963-1 is quite smaU, amounting to 
$9 mUlion and $28 million, respectively. 

18. The three equations whose forecasts ot 1962-IV—1904-111$ 
are plotted in chart 18 follow: 
(8F) S,=3.404+0.842A2Vi-i-0.35B4(?N^) +0.686W,-!, .^ 

(9.64) (6.16) (4.22) ^'^ "" ' (13.86) 
B»=0.84e, 8ES=0.211, 800=1.804'' 

(lOF) S,=2.438+0.811AiV.-i-0.BlflA(?^). ,+0.702iV,-i, 
(6.83) (6.03) (5.79) ^ f ("•O?) 

S» = 0.876, SEE=0.100, 800=1.683'' 
(12F) a=2.186+0.814AJV.-i-0.6134(5Ar),_,4-0.741W.-i 

(6.18) (6.30) (0.00) (14.28) 
-4.878(I1'P/i-H'P7<-»), E>=0.886, 

(1.96) 
8EE=0.182, 800=1.898. 

19. These numbers coincide with those placed to tho left 
ot the equations in the text above estimated from observa
tions for the full period. The "F" indicates they are based 
only on 37 observations and are used to generate forecasts ^ 
for the remaining eight quarters tor whloh data wore avail
able. ,̂ 


